Abstract: Drying using a hot air chamber was tested on samples of belimbing dayak fruit (Baccaurea angulata). The drying experiments were performed at various air temperature drying (40 to 50 o C). Drying kinetics of belimbing dayak fruit were investigated and obtained. Ten drying models were compared with experiments data belimbing dayak fruit drying. A new model was introduced, which is an offset linear logarithmic (offset modified Page model). The fit quality of the models was evaluated using the coefficient of determination (R 2 ), Root Mean Square Error (RMSE) and Sum of Squared Absolute Error (SSAE). The result showed that the new model was comparable with two or three-term exponential drying models.
INTRODUCTION
Drying is a traditional method that has been used for many centuries to preserve agricultural and marine products (Fudholi et al., 2015 (Fudholi et al., , 2014a . The quality of the products depends on many factors including the drying temperature, relative humidity and duration of drying time (Fudholi et al., 2010) . Hot air drying is the most frequently used dehydration operation in the food industry. Recently, there have been many reports on drying kinetics of agricultural fruits and vegetables. Several thin-layer drying model available in the literature for explaining drying of various agricultural and marine products have been used by TaheriGaravand et al. (2011) for tomato, Gorjian et al. (2011) for barberry, Tahmasebi et al. (2011) for quercus, Kilic (2009) for fish, Daun et al. (2010) for sea cucumbar, Dissa et al. (2010) for spirulina and Fudholi et al. (2014b and Fudholi et al. ( , 2012a for seaweeds. Three different oneterm exponential drying models were compared with experiment data. An excel software was used in the analysis of raw data obtained from the drying experiment. The values of the parameters a, n and k for the models were determined using a plot of curve drying models (Basri et al., 2012a (Basri et al., , 2012b (Basri et al., , 2012c Fudholi et al., 2013 Fudholi et al., , 2012c Fudholi et al., , d, e, 2011 , which the model Page model has been reported to exhibit a better fit than other one-term exponential model thin layer drying models in accurately simulating the drying curves.
The objectives of this study are to observe the effects of different drying air temperature on drying characteristics of belimbing dayak fruit. Also, ten drying models are evaluated with experiment's data to select to best describe the drying behavior of belimbing dayak fruit.
MATERIALS AND METHODS
In this study, a hot air chamber was used to investigate the drying kinetics of belimbing dayak fruit as shown in Fig. 1 . The hot air chamber (Model DY110, Angelantoni Asean Pte Ltd, Singapore) is capable of providing the desired drying air temperature in the range of -40 to 180 o C and air relative humidity in the range of 10 to 98%. The drying experiments were conducted at drying air temperature 40, 45 and 50 o C and at a constant relative humidity of 20% and constant air velocity of 1 m/s. The change of weight was recorded at every 5 min. Measurement was discontinued when the heavy weight of the material reaches a constant fixed value. Data obtained from the Fig. 1 : Photograph of the belimbing dayak fruit in a hot air chamber measurements of weight in a test prior to being used for the analysis of drying kinetics of materials need to be changed first in the form of moisture content data. The moisture content was expressed as a percentage wet basis and then converted to gram water per gram dry matter. The experimental drying data for belimbing dayak fruit were fitted to the exponential model thin layer drying models as shown in Table 1 by using nonlinear regression analysis. The Moisture Ratio (MR) can be calculated as:
where, M e = Equilibrium moisture content M 0 = Initial moisture content
The moisture content of Materials (M) can be calculated using two methods on the basis of either wet or dry basis. The moisture content wet basis:
where, w(t) = Mass of wet materials at instant t d = Mass of dry materials
The coefficient of determination (R 2 ) was one of the primary criteria to select the best model to compare with the experimental data. In addition to R 2 , Sum of Squared Absolute Error (SSAE) and Root Mean Square Error (RMSE) were also used to compare the relative goodness of the fit. The best model describing the drying behavior of belimbing dayak fruit was chosen as the one with the highest coefficient of determination and the least RMSE and SSAE.
RESULTS AND DISCUSSION
Fitting of the ten drying models has been done with the experimental data of belimbing dayak at relative humidity 20% and drying air temperature 40, 45 and 50 o C, respectively and constant air velocity of 1 m/s. The drying experimental data fitted the model of drying in the form of MR versus drying time. The results that fitted with the drying models with experimental data were listed in Table 2 . This table showed a constant drying and precision fit for each model of drying. The one with the highest R 2 and the lowest RMSE and SSAE was selected to better estimate the drying curve. Table 1 : Several the exponential model thin layer drying models (Fudholi et al., 2012a, b; Othman et al., 2012) No.
Model name Non-linear regression analysis was performed using data fitting online. The statistical parameter estimations showed that R 2 and SSAE values ranged from 0.9983 to 0.9995 and 1.3606E-03 to 4.8247E-03, respectively, as shown in Table 2 . The model that best described the thin layer drying kinetics is the one that gives the highest R 2 and the lowest RMSE and SSAE values. Based on these criteria, the new model (offset modified Page) was comparable with two or three-term exponential drying models. 
CONCLUSION
Drying using a hot air chamber was tested on samples of belimbing dayak. The drying experiments were conducted at drying air temperature 40, 45 and 50 o C and at a constant relative humidity of 20% and constant air velocity of 1 m/s. A new model was introduced, which is an offset linear logarithmic (offset modified Page model). The fit quality of the models was evaluated using the coefficient of determination (R 2 ), Root Mean Square Error (RMSE) and Sum of Squared Absolute Error (SSAE). The result showed that the new model was comparable with two or three-term exponential drying models. Fudholi 
